T-type channels are defined as low-voltage-activated calcium channels, characterized by a low activation threshold that makes these channels perfectly suited to operate near the resting membrane potential of most electrically excitable cells. For instance, T-type channels play fundamentally important roles in shaping intrinsic neuronal excitability (Perez-Reyes 2003) , and contribute to the pacemaker function in the heart (Cribbs 2010) . Although T-type channels may be inactivated at rest and require brief periods of hyperpolarization to recover from inactivation, a significant fraction of channels may remain open supporting a "window current" that allows the passive influx of calcium inside the cell (Crunelli et al. 2005) . The window calcium current may serve important physiological functions. For instance, passive calcium entry through T-type channels modulates the resting membrane potential of nerve cells (Dreyfus et al. 2010) . A role for the window current in the differentiation of myoblasts has also been documented (Bijlenga et al. 2000) . In addition, steady-state entry of calcium through T-type channels may also play important roles in non-excitable cells per se. Indeed, the expression of T-type channels is not restricted to excitable cells and has been documented in a number of non-neuronal tissues including fibroblasts (Peres et al. 1988) , lung (Zhou and Wu 2006) , liver (Li et al. 2009 ), pancreas (Braun et al. 2008) , kidney (Hayashi et al. 2007) , and also in female (Ohkubo et al. 2005 ) and male reproductive tissues (Darszon et al. 2006) , where T-type channels may play complex yet fundamentally important (patho)physiological functions. The window current supported by T-type channels may also be of direct relevance to an interesting recent study by Wang and colleagues (Wang et al. 2016 ) published in Immunity, on the role of T-type channels in the immune system.
In lymphocytes, calcium entry though store operated calcium channels (SOC) represents the major pathway for intracellular calcium elevation, which controls a number of cellular processes including development, survival, proliferation, and activation (Oh-hora and Rao 2008). For instance, the influx of calcium through calcium release-activated calcium channels (CRAC) initiates T cell antigen receptor (TCR) leading to the activation of T cells. However, while CRAC channels represent the main pathway for calcium entry into T lymphocytes, a number of other calcium permeable ion channels are expressed at the surface of T cells, including voltage-gated calcium channels (Badou et al. 2013 ). However, the molecular mechanisms by which these channels are mobilized, and their relative contribution to T cell physiology remain incompletely understood. Using a combination of molecular, biochemical, and electrophysiological approaches, Wang and colleagues demonstrated that Ca v 3.1 T-type channels are functionally expressed at the surface of T cells with the typical characteristic of T-type currents described in neuronal tissues. To assess the functional role of T-type channels in T cells, the authors performed a number of cellular assays and found no implication of T-type channels in TCR-initiated signaling, or in the development and maturation of T cells. In contrast, using an in vivo model of experimental autoimmune encephalomyelitis (EAE), the authors showed that mice deficient in Ca v 3.1 (constitutive Ca v 3.1 knock-out) display significant resistance to EAE induction, evidenced by a delayed paresis, reduced weight loss, and reduced inflammation and demyelination of the spinal cord. To further assess the contribution of lymphocytic T-type channels, the authors used a mouse with restricted deletion of Ca v 3.1 in T cells and observed a similar protective phenotype, demonstrating the essential contribution of lymphocytic Ca v 3.1 channels. Analysis of infiltrating cells in the central nervous system (CNS) reveled that the EAE resistance is likely to be mediated by a reduced production of granulocyte-macrophage colony stimulating factor (GM-CSF) by CNS-infiltrating Th1 and Th17 cells. Finally, using in vitro assays, the authors further reveled that Ca v 3.1 contributes to intracellular calcium elevation during Th17 cell polarization, which may support the production of GM-CSF by driving nuclear translocation of the calcium-dependent transcription factor NFAT.
The novel and important findings of Wang and colleagues raise interesting question about the functioning of T-type channels in immune cells. Considering that lymphocytes are not excitable cells per se, it is most likely that calcium entry through T-type channels occurs within the window current (Figure 1) . Consistent with this notion, the resting membrane potential of lymphocytes, measured using fluorescent probes, is believed to range between -60 mV and -55 mV (Rink et al. 1980) , which is compatible with the voltage window for passive influx of calcium through T-type channels. Interestingly, a number of pharmacologically active molecules on T-type channels modulate the voltage-dependence of activation or inactivation of the channel, thus altering the window current. For instance, the anesthetic alcohol 1-octanol significantly hyperpolarizes the steady-state inactivation of Ca v 3.2 channels, reducing the window current (Joksovic et al. 2010 ). In addition, T-type channels that may represent a potential co-target for antidepressants (Pavlovicova et al. 2015) are sensitive to the widely used antidepressant fluoxetine (Prozac®) and its metabolite norfluoxetine, evidenced by a shift of the steady-state inactivation of all three Ca v 3 isoforms towards more negative membrane potentials, and thereby markedly reducing the window current (Traboulsie et al. 2006) . A similar hyperpolarizing shift was also reported for neuroleptics pimozide, penfluoridol, flunarizine and haloperidol (Santi et al. 2002) . In addition, Todorovic and Lingle reported a pronounced voltage-dependent action of mibefradil on Ca v 3.2 T-type calcium currents in dorsal root ganglion neurons, with the steady-state inactivation curve being shifted by about -20 mV that may result in a complete disappearance of the window current (Todorovic and Lingle 1998) . T-type channels are also sensitive to a number of endogenous agents. For instance, arachidonic acid potently shifts the steady-state inactivation of Ca v 3.2 channels, eliminating the window current (Zhang et al. 2000) . Considering that arachidonic acid is used in a number of anabolic bodybuilding supplements, alteration of the immune response may represent a side effect of these products.
In addition to pharmacological modulation of T-type channels that may have important consequences on the immune response, alteration of T-type channel activity has been linked to a number of genetic disorders caused by mutation in the genes encoding for the channel protein. For instance, a number of mutations in the gene CACNA1H encoding for Ca v 3.2 channels associated with childhood absence epilepsy either hyperpolarize the voltage-dependence of activation of the channel, or depolarize the steady-state of inactivation, reducing the window current (Khosravani et al. 2004) . Genetic alteration of Ca v 3.2 channel gating was also reported in chronic pain (Souza et al. 2016 ) and amyotrophic lateral sclerosis (Rzhepetskyy et al. 2016) , where the window current is likely to be altered. Similarly, altered gating of Ca v 3.1 Figure 1 . Mechanism of T-type channel-dependent calcium entry in T cells. The overlapping between the activation (purple) and steady-state inactivation curves (orange) of T-type channels generates a "window" current (red area) for passive calcium entry at typical resting membrane potential of T cells. Alteration of the voltage-dependence of activation or inactivation (hyperpolarization or depolarization) by pharmacological modulators of T-type channels or pathological mutations will affect the "window" current (increase or decrease as depicted by the red arrows), which eventually may alter calcium signaling in T cells. channels by mutations associated with cerebellar ataxia has been documented (Coutelier et al. 2015 , Morino et al. 2015 . Considering that modulation of immunity has recently emerged as a new target for the treatment of a number of neuronal disorders including some forms of epilepsy (Yu et al. 2013) , it may be important to reconsider these mutations in the context of the immune response.
Overall, the findings of Wang and colleagues shed light on the presumable implication of T-type channels in the shaping of the immune response. Importantly, alteration of the window current by clinically relevant T-type channel blockers should be taken seriously when designing new therapeutic molecules as it may have important adverse effects on the immune response. On the other hand, FDA-approved T-type channel blockers could conceivably be repurposed for the treatment of immune disorders.
